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o ‘Introduction
MONBUNSATUW_BD FATTY ACIDS (MUFA), SUCH AS OLEIC

.¥ Lacid (¢is-9-ootadecensic acid), are known to reduce blood
chelesterol levels in nonhypertriglyceridemic individuals
Mattson and Grundy 1985). Among vegetable oils, those of ol-
ive, peanut, rapeseed, and canola have been identified as being
rich sources of MUFA, with the latter type fatly acids constituting
50% to BO% of their fanty acid compaosition. Because of the impor-
tance placed on dietary MUFA, it has been recommended that
MUEFA intake be as high as half of the of total recommended di-
etary intake of calories from fat (30%) as a means for reducing
the risk of coronary artery disease (Nicolosi and others 1991;
Bockisch 1998; Lee and Akoh 1998a).

In 1488, chicken was the most produced and consumed meat
in the United States (USDA 1999). Despite its production and
ready availability as a coproduct of chicken production, chicken
fat, unlike beef tallow, is usually not used separately in other
food or nonfood uses. Animal fats, in general, are of dietaryzon-
cern because of their relatively high loug-chain (C16 and C18
carbonatoms) saturated fattyacid (SPA} coritent. Chicken fat ean
be considered a source of MUFA sinceithiey coniStitute 45% to 50%

- of chicker fat fatty acids;while tallow contains only 30% 10 40%
MUEA (Brockerhoff atid others 1966; Bockisch 1998).
Saturgted medium-chain fatty acide (MCFA) contain C8 to
€12 carbon atoms. Becwuse of this, they.are of lower calori¢ con-
“tentthan saturated long-chain fatiy acids {LCFA). Since the ad-
sorption of MCFA occurs by transport through the portal system,
they are metabolized more rapidly than LCFA and thus are uti-
lized in dietary energy supplements. Examples of the dietary use
of MCFA Include the treatment of fat malabsorption disarders,
hyperlipidemia, obesity, and diabetes (Akoh and others 1998).

The lipase-catalyzed modification of natural fats and oils into
structured lipids (SLs) has becomé an important topic in lipid
chemistry, The general definition, application and nutritional

_properties of SLs have been described previously (Willis and oth-
ers 1995; Lee and Akoh 1998a). When SLs are synthesized from
animal fats for food uses, it often is desirable to reduce the satu-
rated LOFA content of the starting fat and increase the MUFA and
PUFA content as a means of improving the nutritional quality of
the targeted structured lipid. This is done because LCEA, espe-
cially palmitic acid, are regarded as one risk {actor in tite devel-

opmient of ¢oronary ariery disease.

. Tn this study, chicken fat was either temperature fractionated
without solvent, fractionally crystallized from acetone, vr extract-
ed with supercritical carbon dipxide to produce MUFA-enriched
triacylglycerol {TAG) fractions (MUFA-TAG). Selected. Hquid
MUPA-TAG fractions were then subjected to enzyme-catalyzed
acidolysis with caprylic acid. Lipases of G. candidum and C, rug-
osa, immobilized within phyllosilicate sol-gel matrices, were used
as the biocatalysts in this process. This was done to produce 5is
that would combine the beneficial dietary effects of the MUFA
and MCFA classes of fatty acids.

Results and Discussion

TBMPE_RATURE FRACTIONATION OF A FAT OR OfL CAN BE REGARD-

A ed as a themnomechanical separation process wherein indi-
vidual TAG species characteristic for a given fat or oil are selec-
tively crysjaliized from the meit or liquid phase. During cooling
of the liguid ofl-or melted fat, TAG species with the highest melt-
ing points:preferentially crystallize, resulting in a solid phase
within the liguid phase. Most naturel fats and oils are complex
mixtures of individual TAG that can contain from one to three dif-
ferent fatty acyl residues on their glycerol backbone. Because of
this, there is a large variation in the melting points of the TAG
species, which complicates the fractionation process.

In this study, temperature-fractionation of chicken fat over
the range of 14 tn 30 °C, as exemplified at 21 *C in Fig. 1, without
solvent, resulted in a poor envichment of MUFA-containing TAG
in the isolated TYAG fractions. This was concluded since there
wete little or no statistical differences in the FAME compositions
of the isclated fractions (Table 1). This is because chicken fatisa
complex mixture of TAG species having a wide range of molecular
weights and degrees of unsaturation (Brokethoff and others
1966). Figure 1 illustrates the temperature fractionation of chick-
en fat into liquid and solid fractions at 21 °C. The solid fraction
was then subfractionated at 30 °C, afier which the liquid fraction
{21530L) was subfractionated at 13 °C. The liquid fraction from
the 21 °C fractionation was subfractionated at 6 °C and the solid
fraction obiained therefrom (21158} was fivther subfractionated
at 9 °C. Even though the MUFA content of sevetdl fractions {for
example, fractions 21151 and 21L6SSL, Table 1) incressed signifi-
cantly (p = 0.05) from that of neat chicken fat, the recovery (wt %
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2] 40 kL H| 160 W1 180 1821 182 163 . 201 208 WUEA" - PURR* GFas
Chicken fat 0.7 0.2 252 7.8m 53 405 184 s %4 @1 0.5 R 43,00 19,88 31.9%
2L 0.7 0.3 2386 gt 52 418 19.1 6.8 0.1 08 o1 50.4% 20.0% 28.8%
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2116598 1k 0.3 BE 7.2 5.7 0.2 182 0.8 a4 a8 .t 48.7% 19, 18" 323
21L88aL 07 0.3 19.1 9.0 4D 44.1 21.1 a8 0.1 0.5 0.2 53 94« 22 pde 238

aptRA iss0m of Monounsaturated tatty acios: PUFAIS sumof polyunsaturated fatly acids; SFAls sum Of suraded fialty aud&
S0l gt , piEE mwmmﬂmszm‘mm .

B211 and 215 w1e (acaverslt iiquid ang:

GITy
<3 {5305 is raoovirad 3ol biaction alter actionation at 21°0 for 24 hfokowed

ble'h). The camenuauan af the Mt A«ca ytatn] ‘gTAG in the hq-
uid fractions alst-was accompanied byan ineretise in FUFA-con-
taining TAG {p = 0.05) and, as-expected, a:concomitant decrease
in SFA-comtaining TAG (p = 0.05), The fractionation of chicken fat
also was studied at 14 and 30 *°C including the subfractionation
temperatures shown in Fig.1. These fractionation ternperatures,
however, yielded fractions whose fatty acid compositions were
not significantly differsnt from chicken fat. Because of the low
enrichment of MUFA in TAG fractions from temperature-fraction-
ation, we turned our attention to the solvent fraction of chicken
fat.
it is kmown that TAG at low iemperature generally form more
stable crystals from a solvent than without soivent. Among sol-
vents, acetone is regarded as mote suitable for promoting TAG
crystal formation than any other solvents {Yokochi and others
1390). However, compated ta-solvent-free fractiomal crystallize-
tion, solvent-fractionation processes are more complicated in
- thatthey typicaﬁy retiire lower (empeyatures for crysiallization
readito recoverthe solvetit after ractionation,
and regzﬁau}ry salvent residue levels fhust be niét, Ciitrently, the
maximyn pemngs;ble; zesidise level fmj aggtbne is 30 ppm (Code

_*fmanmﬁmﬁmmmwmnmmwmr wm:mnumg{wmmmpﬂ [i

. ragpactively{Figure l)

ol Federal Regulations 21CFR173.210). These added steps result

in.9.more expensive process, especially when dealing with large

arnourit of materials.

When low temperature (— 38 and —18 °C} acetone crystalliza-
tion was used for fractionation of chigken fat, there was an in-
crease (p = 0.03) in the MUFA and PUFA content of the liguid
fractions { Tabile 2). In general, the MUFA coritent of the Hiquid
fractions iricreased from that of neat chicken fat to between
14.3% to 17.8% at —38 °C and 16.1% o0 22.0% at 18 °C, respec-
tively. In addition, lowering the temperatuie from 1810 ~38°C
resulted in 3 significant increase in the PUFA content of the lig-
uid fractions {Table 2). Depending on the solvent ratio used, the
liuid fractions at —38 *C increased in PUFA content in the range
of 64.6% to 91.7%. On the other hand, as expected, the content of
SFA decreased in these fractions as the temperature of crystalli-
zation was fowered. Solid fractions at 0 °C were composed of

49.9% to 62.3% SPA, whereas the liquié fractions at —38 °C con-

tained only 7.2% to 10.6% SFA. Dther studies have shown that
higher solverit ratios and lower crystaihzatian temperatures were
necessary for the best separation of $FA fiém soybean oll (Bull
anid Wheeler 1943). In this study, the SFA content 9 the fractions
vaned with the solute-to-solvent ratio used for fractionation.

‘However, varying the solvent ratins at the fractionation tempera-

tures used in this study did not result in increased enrichment of
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uid ﬂm,, s pmduceﬁ by soivam Hactionation wis sxgniﬁcantfy
‘reduced (p = 0.08%
used in this study. e sum ufuﬂsamrated {monn- and polyan-
saturated) fatty acids (UPA} to SFA.ratio was approximately 68:32
{'Table 1), Temperature-fractiohation of the chicken fat gave lig-
-uid fractions (Table 17 that had unsaturated-t6-saturated fafty
acid ratios as low as 77:23, an SFAreducton of about 25%. For sai-
vent-fractionation {Tahle 2), liquid fractions were obtained that
had UFASFA ratios as low as-83:7, a SEA reduction of about 75%.
Because of their lower SEA content, the latter fractions were cho-

. senin this'study for the production of struetured lipids.
Supercritical fluid extraction (SFE) technology has received
inereased attention because of its advantages over cenventional
solvant-extraction processes. Becausethe critical temperature of
carbon dioxide is afound 31 °C, extractions can be performed-at
moderdle temperatiite without chernical solvent. In this study,
SFE fractions of 0.7, 0.4, and 6:8 g were recovered from: 11 gof
chicken fat atthres different preseured (4.7, 11, and:24 MPa, at.
40°C)of supercﬂti al carbon diovide, Pre*ﬂnuslyz other studies
sne

Larick 1995): With the extraction conditions nsed in this study,
however, only iminor fractionation of thicken fatwas obtained
sinice ghis fatty ac s for the extracted ﬁraciions weze simi-
‘lar to'that pfthestarting material,

From the resuls o various ﬁ:at:mnaﬂen S('Jmmes exploredin
this study, chickerrfat and enriched MUFRA-TAG fractions (for ex-
ample, fraction: -38120, abbreviatiun in Tatile 2) vbtained there-
from were used for the production-of SLs. Fhis was done by li-
pase-caialyzed atidolysis of the TAG with-caprylic acid. After aci-
dolysis, 3.8% to 8.1% of caprylic acid was incozpordted into the
TAG molecules of the synthesized SLs (Table 3). Incorporation of
capiylic acid Into the chicken fat and chicken fat fractions was in-
tentionally kept low (510%), since the goal was to preparg a SL
wherein the long-chiain SFA acyl groups at the 1,3 positions of the
original TAG species were replaced preferentially with capryloyl

nhtpared to chicken fat. For the chicken fat

tully fractionated: ‘anhydrous ik fat and tallow under
supezmncal conditions (Bha@ka:s d others 1993 Merkle and
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J:esidues. The low effielency of 'mcorporatinn of caprylic acid {ap-

prox. 8%) wag niot of concern since it can be readily recovered for
reuse (Akoh and others 1998). The data in Table 3 show that the
content of several fatty acids in the SL products difiered signii-
cantly (p = 0.05) when compared tp the staring fas. Whenraci-

“dolysis was catalyzed with the immobilized lipase from G. candi-

dum, the grodugts from the, fractionated chicken fat contained
5.3% more MUFA and 65.7% less paimitic acid, the major SFA in

chicken fat, than that ofunfractionated chicken fat: OF the ¥8%

10 24% total SFA in the prodiet from the fractionated chicken tat,
caprylic acid constitated 24% 1o 42% of the SFA. This is to be com-
pared to the products prepared from unfractionated chicken fat
whete total SFA content ranged between 30% to 40% with caprylic
acid constituting only 20% to 21% of total 5FA (Table 3},

"The acidolysis of chicken fat with caprylic acid catalyzed by
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the immobilized lipases in general was favored at higher tem-
perature (Fig. 3). The G. candidum lipase gave the highest in-
corporation of caprylic acid at 55 °C (7.8%), while for the C. rug-
osa lipase 65 °C (5.9% incorporation) was the optimal tempera-
ture—but the difference between the reactions was not signifi-
cant (p = 0.05). At 35 °C, the incorporation of caprylic acid de-
creased by 52.1% and 38.3%, compared to the reaction at 55 °C
for the G. candidum and 65 °C for the C. rugosa lipases, respec-
tively.

With this immobilization procedure, lipases are intercalated
within dispersed phyllosilicate layers, which are subsequently
crosslinked with silicate polymers formed by the controlled hy-
drolysis of tetramethy! orthosilicate, forming the sol-gel matrix
{Hsu and others 1998). Immobilization within this matrix stabiliz-
es the lipase, which allows for reuse in subsequent reactions in
contrast to other physical adsorption methods (Lee and Akoh
1998b). In this study, both immobilized lipases were reused for
the acidolysis of chicken fat fractions with caprylic acid (Fig. 4).

Only a 4.5% (G. candidum lipase) decrease in incorporation of ca-
prylic acid was noted after 3 sequential uses of this immobilized
lipase (p = 0.05). After the 4th reaction, however, the incorpora-
tion of caprylic acid into the MUFA-TAG fractions by the immobi-
lized G. candidum and C. rugosa lipases decreased by 19.2% and
25.6%, respectively.

Conclusion
HROUGH THE FRACTIONATION OF CHICKEN FAT, SEVERAL
MUFA-TAG-enriched fractions were obtained that had desir-
able fatty acid compositions for the preduction of structured lip-
ids (SLs). Acetone fractionation at low-temperature (~38 °C and
~ 18 °C) was most effective for enriching of the MUFA and PUFA
containing TAG of chicken fat. SLs were synthesized by lipase-
catalyzed acidolysis of chicken fat and MUFA-TAG enriched frac-
tions with caprylic acid. Immobilization of lipases within a sol-gel
phyllosilicate matrix gave a stable immobilized lipase that could

be reused for the production of the SLs.
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acid into fractionated chicken fat {fraction-381.20, Table
2). Percent caprylic acid incorporated with immohiiized Q. candidum
fipase; immobilized C. rugosn lipase. Values with different letter
mm-(&mnml.b;wc.mouﬁplu:l,man
significantly ditferent (p = 0.08).

Fig. 4 - Reussbllity of immaobilized lipases of O. candidum and C.
rugosa inli acidolysis of fractionated chicken fat {frec-
tion -38L20, Table 2] with caprylic acid at 55 °C. Percent caprylic acld
Incorporated with immobilized Q. candidum lipase; immobilized C.
rugosa lipase. Values with difforent letter designations (Q. candidum
lipase: 8, b: or C. rugosa lipase: A, B) are significantly different (p =
0.08).

Materials and Methods

Materials

Chicken fat was a gift to the authors from Tyson Foods Inc.
(Springdale, Ark., U.S.A.). Lipases used in this study were from
G. candidum (Amano Enzyme Inc., Troy, Va., US.A) and C rug-
osa (Enzeco, New York, N.Y., U.SA.). Cetyl trimethylammoni-
um chloride (CTAC) and tetramethyl orthosilicate (TMOS)
were purchased from Aldrich Chemical (Milwaukee, Wis.,
U.S.A.). The phyllosilicate clay was obtained from Source Clay
Minerals Depository, Columbia, Mo. Sodium flucride (NaF)
and caprylic acid were obtained from Sigma (St. Louis, Mo.,
U.5.A.) Acetone, HPLC analytical grade, was obtained from

Baxter Health Corp. (Muskegon, Mich., U.5.A.).

Fractionation of chicken fat triacylglycerols
Temperature fractionation. Chicken fat (5 g) was placed
into a 50-mL polypropylene centrifuge tube and incubated at
various temperatures {14 to 30 °C) for 24 h. The crystals were
pelleted in a centrifuge (7650 x g, 10 min) adjusted to the frac-
tionation temperature and the liquid phase decanted from
the crystallized TAG. The fractionation process at 21 °C, as well
as the subfractionation of the initially obtained solid and lig-
uid TAG fractions, is shown in Fig.1. In all examples, the chick-
en fat or isolated TAG fractions were held at 80 °C for 10 min
befare fractionation to remove memory effects of polymorphic
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TAG forms.
Acetone fractionation. Chicken fat (2 g) was placed into a

lized from acetone solvent. Three selute-to-solvent ratios

ployed, each ar thtee; tempem es [

devmoutlr centrifuge botlé to mtni-
‘Ttz emperatm-e chidnges duthig cenuifigation. All fractiony
- wel kincuba:ed for Mm: centrzfugauon {2300 x.g, 15 min)

3 sepmteé by decafitation of the Tquid p}me from the crystal
‘pellet Acetone was evaporatedifiom the fractiofis a1 66 °C yn-
def) nitrogen. Each recovered solid fraction at ~38°C was sub-
sequently subftactionated as outithed in¥Fig, 2. ;
Supercriticel fractionation, A Supercritical Fluid Bxtractor,
Model 680 BAR (Applicd Separations Ine., Allentown, Pa.,
U.5.A) was used for the supereritical extraction experiments.
Chicken fat (11 g} was loaded into a [15 cm x 1.5 cm {i.d.)] stain-
less steel extraction vessel packed with hydromatrix (Varian
Tic,, Harbor City, Calif., U.5.A.). Supescritical carbon diexide
was used as the extraction solvent at a flow of 1 Limin. The ex-
traction was performed stepwise over the range of 4.7, 11, and
24 MPa at 40 °C. Exwraction time was 60 min at ea¢h pressure
condition. The extracted fractions were collected separately.

Fatty acid analysis

" Fatty acid composition of chicken fat and tiscylglycerol
{TAG) fractionis dbtained from it were determined by gas cliro-
matography (GC) after conversion to. fatty acid methyi esters

(BAME) with 14% boroy triflutride (BF;) in methanol {Foglia _

dnd others 19933, FAME compositions were obtained with a

- Hewlett-Packard Model 5880 Series 11 GC equipped with a
split automatic injector, a flame lopization detector (FID}, and

= an HP- NNOWAX column (30 ML 0.25 thith, 53 m.fim thick-
ness) (Hewleti-Packard, Wilmington; Del., U.S.A). The column
was held at 120 °C for 2 mir, then programmed to 230°C at a
rate of § °C/min and held at a final temperature for 22 min.
The injector and detector temperstures were 260 °C and the
carrier gas was helium at a flow of 5.5 ml/min. A Hewlett Pack-
ard Model 5890 Series 11 GC with.an HF Mass Selective Detec-
tor [MSD) Model 5972 Series was used for identification of
FAME. The MSD was scanned from m/z 10 to m/z 600 at 1.2
scans per sec. An HP-5 capillary column (30 m x 0.25 mm i.d.,
25 pm fitrn thickness) was used to separate FAME. The column
was heldat 80 °C for 2 min and programmed to 230 °C ai a rate
of 10 "C/min, The carrier gas was helium ata Jow of 1 mLimin
at a split ratio of 50:1. The injector and detector 1ompetatures
were 238 °C and 280 °C, respectively.

Lipase immobilization

Lipases were immaobilized within phyllesilicates by the’

method of Hsu and tithers (1998). Bneyme éélutions were pro-

:pa:edbymngcmdelipase w&ef(mg)mmenme
. Clbuffer i 8oy

g {600 j:L} was'mived with 44
g 2 on saturated clay suspension. Then

#.1 mL: enzyme salutmn, 248 5L deionized water, 1046 pL

TMBS, and 1 ML 10% NaFsolutionwere added, and the mix-
| ture was vortexed for 2 min and placed onta ice for 2 h. The
crosslinked lipase-phylfosilicate complex was kept at room
temperature (24 + 1 °C) overnight. Ten ml. delondzed water
was added, and the mixture vortexed for 2 min. After filtration,
the supemnatant was used-for protein analysis and the filtered

50-mL polyprepylene cenurifijge tube and fractionally crystal-

{110, 1:20; and 1:40; chicken fat: acetone; wiiv) weré em-*
i i 38, 18, and6 "C) (T4
‘ bhf 2. Bur all fractionations, edch- centrifiige tube wasplaced

Table 4--Proteln content and water activity of tipsses immobitzed
within phyliosilicats wol-gef imstrix

t.‘mn G.aanmm

pe!yttc acﬁvﬁy of arude. Isgssa” BaE e
Total protein before immotlization tng) | . 288, - 381
At of Bratein imnmbiiiza&(mg) L 282 332

- Lipalytin setivity 6f immnbilized fpazes &2 ¥
Weter acﬂ\dty of o) immabrlmed ligase 0.1 .4

Omg pmtainffnL ki ipade soluﬂon

PO unit of gyl setivity 1§ defined as mimote of falty acid released fram aiive ail per
in por mg.of crade fipase.

Stine unitof Eptnicactivity is defined as pmﬁi obHfatty acid rofaated Horm olfve oil per
i por 180 my ofimmobilizad ipass,

immabmzed lipase was dried under vacuum. for 48 h at

24 = 17°C.

Protefn andwater dmerminaﬁen A mediﬁed Lowny assay
was used to nieasure the protein concentration before and-af-
ter immobilization (Bensadoun-and Weinstein 1978). Protein
content was measured at 660 nm using a standard curve for
bovine serum albumin. Water activity (a,,) of the immobitized
lipases was determined with an Aqualab CX-2 {(Decagon, De-
vices Inc., Pullman, Wash, USA).

Lipase activity. Lipolyic activity of the immobliized lipases
was measured by titration of the fatty acids released from ol
ive ol with.0.05 N NaOH using a VIT %0 ¥ideo Titrator (Radiom-
pter, Copenhagen, Denmark). The prepared olive off emulsion
was cemposed of 20 mL of deionized water, & mL of olive o},
and 21 m}. of 10% gum arabic sejution. Lipoiytic activity was
determined by vigerously mixing 110 * 2 mgofimmobBRized 1i-
pase with the emulsion for 30 min at 36 *C. One unit of lipase
activity is defined a3 mole.of fatty acids liberated per minute

~per mng of jmmobilized lipase, The lipolytic activity of the im-

mobilized C. rugosa and G. cundidum lipases were 27.2 and

34,213, respectively {Table 4).

Synthesis of structured lipids

Acidolysis reactions were conducted by reacting 1.0 g of a
chicken fat fraction with 1.2 g of caprylic acid (approx. 1:2mo-
iar ratio) in the presence of 700 mg of immobilized Ypave,
Chicken fat beflore and after fractionation (~30L20, abbrevia-
tions listed inTable 2) were transesterified. Reactivas were
performed in a serew cap vial with imagnetic stiring at 200'Tpm
for 30 . To assess the effsct-of temperature on caprytic acid in-
corporation, a series of acidolysis reactions were run at 35, 45,
55, and 65 °C. To determine enzyrne stability, the 55 °C acidol-
ysis sampie was centrifuged, the immobilized lipase recov-
¢red, and fresh substrates added for subsequent reactions at
55°C. Reaction products were analyzed by spotting 100 pl. of
reactants onto silica gel G thin layer chromatography plates
(500 m thickness). The plates were developed with toluene:
‘ethyl acetate: diethyl ether: acetic asid (BO:10:10:1, vivi After
spraying with 0.2% 2,7-dichlorufuotescein in methanol, plates

were visualized under UV light and the band correspondingto

triacylglycerols (TAG) scraped from the plate and the TAG ex-
tracted with ether. The solvent was removed under nitrugen
anud the TAG converted to FAME for determination of fatty acid
composition.

Statistical analysis

Sratistical analysis was performed by Statisticat Analysis
System {1996; SAS, Cary, N.C,, U.8.A). Student t test and Bon-
ferroni (Dunn) t test were performed on the means of values.
‘Thie tasted significance level was p =2 6.05.
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